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1   Introduction 
 
This study examines the validity of long-run PPP using data for Bangladesh and 
its four major trading partners during the period 1994 to 2002.  The PPP hypothe-
sis postulates that national price levels expressed in a common currency should be 
equal or, equivalently, that the nominal exchange rate should be proportional to 
the ratio of national price levels.  Although PPP has variously been viewed by the 
international finance profession as a theory of exchange rate determination, as a 
short- or long-run equilibrium condition, or as an efficient arbitrage condition in 
either goods or asset markets, the recent literature appears to take the view that 
PPP is a valid long-run equilibrium condition at least in industrialized economies, 
which holds due to arbitrage in international goods markets (see the survey of 
Taylor, 1995; Froot and Rogoff, 1995; Rogoff, 1996; Sarno and Taylor, 2002; 
Sarno 2003).  Conversely, empirical evidence on the validity of long-run PPP for 
developing countries is rather mixed (see, for example, Gan, 1994; Calvo, 
Reinhart and Vegh, 1995; Doganlar and Ozmen, 2000; Bahmani-Oskooee and 
Mirzai, 2000; Luintel, 2000; Yunus, 2000; Basher and Mohsin, 2004). 
 
PPP may be legitimately tested by carrying out nonstationarity tests on the real bi-
lateral exchange rate since the latter can be interpreted as a measure of deviation 
from PPP.  While the real exchange rate may be subject to short-run variation, a 
necessary condition for PPP to hold in the long-run is that the real exchange rate 
be covariance stationary, and thus has a tendency to revert to a stable equilibrium 
level over time.  In fact, nonstationarity of the real exchange rate implies invalid-
ity of long-run PPP as the divergence of purchasing power across the countries 
considered (expressed in the same currency) would become theoretically infinite.   3
 
Whether long-run PPP holds or the real exchange rate is stationary has important 
economic implications.  First, the degree of persistence in the real exchange rate 
can be used to infer the principal impulses driving exchange rate movements.  In 
particular, if the real exchange rate is highly persistent (for example close to a 
random walk), then the shocks are likely to be supply-side, whereas if there is lit-
tle persistence, then the shocks may principally be aggregate demand-based 
(Rogoff, 1996).  Second, since the real exchange rate is commonly regarded as a 
measure of international competitiveness, it reflects an important policy-relevant 
variable particularly in developing countries, like Bangladesh, where exports have 
been the principal source of economic growth in the 1990s.  In fact, as Bangla-
desh's export base is hardly diversified with textiles and clothing being the domi-
nant export goods, Bangladesh is particularly vulnerable to increased competition 
from other Asian countries that produce labour intensive garments.
1 Finally, esti-
mates of PPP exchange rates are often used for practical purposes, such as deter-
mining the degree of misalignment of the nominal exchange rate and the appro-
priate policy response, the setting of exchange rate parities, and the international 
comparison of national income levels.  These practical uses of the PPP concept, 
and in particular the calculation of PPP exchange rates, would obviously be af-
fected if the real exchange rate would be non mean-reverting, thereby containing 
a unit root. 
 
Although the professional view on the validity of long-run PPP has shifted several 
times, some recent studies using nonlinear econometric methods have provided 
                                                 
1 The following quotation emphasizes this point: "However, an appreciating real effective 
exchange rate has threatened to undermine Bangladesh's export competitiveness, particu-
larly vis-à-vis South-East Asian garment manufacturers, and therefore constitutes a threat 
to future export-led growth." (World Trade Organization, 2000, p. 3). 
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fairly convincing evidence that deviations from PPP dissipate over time, which, in 
turn, implies that the real exchange rate is a stationary process with a unique long-
run equilibrium level (e.g. Goldberg, Gosnell and Okunev, 1997; Michael, Nobay 
and Peel, 1997; Sarno, 2000; Taylor, Peel and Sarno, 2001; Sarno and Taylor, 
2001).  These empirical studies motivate the adoption of nonlinear econometric 
methods on the basis of recently developed models of real exchange rate determi-
nation under transaction costs of international arbitrage.  The key idea of these 
theoretical models - cited in the next section - is that deviations from PPP (the real 
exchange rate) will be more rapidly mean reverting for larger deviations from the 
PPP equilibrium level, since the larger the deviations from equilibrium the greater 
the net benefit of arbitrage in international goods markets. 
 
Indeed, this study provides strong evidence that deviations from PPP obtained be-
tween Bangladesh and important trading partners - the US, the Euro area, Japan 
and India - do not contain a statistically significant permanent component and dis-
sipate in a nonlinear fashion, consistent with the emerging theoretical literature on 
nonlinear real exchange rate adjustment in the presence of international arbitrage 
costs. 
 
The remainder of the paper is as follows.  Section 2 discusses the theoretical ra-
tionale for nonlinear mean reversion in the real exchange rate.  Section 3 presents 
the econometric methodology.  In Section 4 we describe the data set and report 
the results from the empirical analysis. A final section briefly summarizes and 
concludes.   5
2  Motivating Nonlinear Dynamics in the Real Exchange Rate 
 
Several studies have tested the validity of long-run PPP applying unit root tests to 
real exchange rate data based on a linear auxiliary regression.  The literature ap-
plying linear unit root tests of this kind or variants of it to real exchange rate data 
has generally provided evidence that real exchange rates are nonstationary proc-
esses, implying the invalidity of long-run PPP (see Sarno, 2003, and the refer-
ences therein).
2  However, some researchers have been able to reject the null of 
nonstationarity either using long spans of real exchange rate data (e.g. Kim, 1990; 
Diebold, Husted and Rush, 1991; Lothian and Taylor, 1996) or using panel unit 
root tests (e.g. Abuaf and Jorion, 1990; Wu, 1996; O'Connell, 1998; Taylor and 
Sarno, 1998; Breuer, McNown and Wallace, 2001) in order to increase the power 
of conventional unit root tests.  Although some of these studies suggest that PPP 
may be viewed as a valid long-run international parity condition, they also report 
a high degree of real exchange rate persistency, which, in turn, seems difficult to 
reconcile with the observed high volatility of real exchange rates, therefore gener-
ating a puzzle (Rogoff, 1996). 
 
Among the possible explanations of the violation of PPP suggested by the litera-
ture, transport costs, tariffs and non-tariff barriers play a somewhat dominant role.  
In fact, the custom tariff is a key instrument of Bangladesh's trade policy and re-
flects the government's primary source of revenue, accounting for almost one 
third of total taxes.  In recent years Bangladesh has successfully simplified and ra-
tionalized its tariff structure by reducing the number of tariff bands and lowering 
the maximum tariff rate substantially.  Moreover applied most-favoured-nation 
                                                 
2 An exception is the study of Edison, Gagnon and Melick (1997), who provide some 
evidence in favour of PPP during the recent floating period for a number of countries.  
See also Cheung and Lai (1993a,b, 1994, 1998). 
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(MFN) tariffs have fallen by more than half.
3  Even though tariffs have been con-
siderably reduced over time, non-tariff barriers - for example in the form of ad-
hoc surcharges or strict inspection requirements - play a relevant role in Bangla-
desh. 
 
Frictions in international arbitrage have important implications and, in particular, 
imply potential nonlinearities in real exchange rate dynamics, as shown by a 
number of authors who have developed theoretical models of real exchange rate 
determination under transaction costs (e.g. Benninga and Protopapadakis, 1988; 
Dumas, 1992; Sercu, Uppal and Van Hulle, 1995; Obstfeld and Rogoff, 2000).  In 
most of these models, proportional or “iceberg” transport costs (“iceberg” because 
a fraction of goods are presumed to `melt' when shipped) create a band for the real 
exchange rate within which the marginal cost of arbitrage exceeds the marginal 
benefit.  Assuming instantaneous goods arbitrage at the edges of the band then 
typically implies that the thresholds become reflecting barriers.  In general, these 
models suggest that, as a result of international trade costs, small deviations from 
PPP may be persistent since they are left uncorrected as long as they are small 
relative to the costs of trading.  However, deviations from PPP follow a nonlinear 
mean-reverting process such that the speed of adjustment towards equilibrium 
varies directly with the extent of the deviation from PPP.  In some models the 
jump to mean-reverting behaviour is sudden, whilst in others it is smooth, and 
Teräsvirta (1994) and Dumas (1994) suggest that, even in the former case, time 
                                                 
3 A MFN tariff is known as the tariff level that a member of the World Trade Organiza-
tion charges on a good to other members.  Hereby, imports from a country are treated on 
the same basis as that given to the most favoured other nation. That is, and with some ex-
ceptions, every country gets the lowest tariff that any country gets, and reductions in tar-
iffs to one country are provided also to others. 
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aggregation and non-synchronous adjustment by heterogeneous agents is likely to 
result in smooth aggregate regime switching. 
 
Goldberg, Gosnell and Okunev (1997) develop a model of mean reversion of ex-
change rates to PPP where exchange rates are assumed to follow a mean reverting 
random walk towards a stochastic PPP rate.  The model allows for the possibility 
that mean reversion towards PPP is nonlinear, and regression equations consistent 
with the theoretical model are derived.  The model is tested using data for six 
countries, producing evidence that the mean reversion process is not linear for 
some countries.  Michael, Nobay and Peel (1997) and Taylor, Peel and Sarno 
(2001) propose an econometric modelling framework for the empirical analysis of 
PPP which essentially provides the empirical counterpart of the models of real ex-
change rate determination under transaction costs discussed above.
4 Using real 
exchange rate data for the recent float alone since 1973, Taylor, Peel and Sarno 
(2001) illustrate that four major real bilateral dollar exchange rates are well char-
acterized by nonlinearly mean-reverting processes over the sample.  Their esti-
mated models imply an equilibrium level of the real exchange rate in the 
neighbourhood of which the behaviour of the log-level of the real exchange rate is 
close to a random walk, becoming increasingly mean reverting with the absolute 
size of the deviation from equilibrium, consistent with the theoretical literature on 




                                                 
4 Other studies use similar techniques in the context of modelling deviations from the law 
of one price (see, for example, Obstfeld and Taylor, 1997; Sarno, Taylor, and Chowd-
hury, 2004). 
   8
3   Modelling Nonlinear Adjustment in the Real Exchange Rate 
 
A nonlinear model that is able to capture the kind of properties required to model 
nonlinear mean-reversion in real exchange rates is the smooth transition autore-
gressive (STAR) model proposed by Granger and Teräsvirta (1993) and Teräs-
virta (1994, 1998).  A STAR model for the real exchange rate,  t q , may be written 
as 




1 t d t t t t q G X X q ε µ γ φ φ + − + = −           (1) 
 
 
where  () ′ = − − p t t t q q X , , , 1 1 K  and  ( )′ = ip i io i φ φ φ φ , , , 1 K  is a vector of parameters 
for  2 , 1 = i ,  t ε ~ ( )
2 , 0 σ iid  and ( )∈ µ γ {ℜ⁺×ℜ}, where ℜ denotes the real line 
(-∞,∞) and ℜ⁺ the positive real line (0,∞).  The transition function  [] µ γ − −d t q G ; 
determines the degree of mean reversion and is itself governed by the transition 
parameterγ , and the “location” parameterµ .  The transition parameter γ  essen-
tially determines the speed of mean reversion, while µ  can be interpreted as the 
equilibrium level of {} t q ; the integer  0 > d  denotes a delay parameter and re-
flects the possibility that market participants react to deviations from the equilib-
rium with a lag.  Different choices of the transition function  [ ] µ γ − −d t q G ;  give 
rise to STAR models with different dynamic properties.  A popular transition 
function for modelling real exchange rate dynamics is the following exponential 
function (see Michael, Nobay and Peel, 1997; Taylor, Peel and Sarno, 2001; 
Sarno 2003): 
        [] ( ) [ ]
2 exp 1 ; µ γ µ γ − − − = − − − d t d t q q G ,           (2) 
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in which case the resulting model would be an exponential STAR or ESTAR 
model.  The exponential transition function is bounded between zero and unity, 
G:ℜ→[0,1] and is symmetrically inverse-bell shaped around zero.  The transition 
parameterγ  determines the speed of transition between the two extreme regimes, 
G(·)=0 and G(·)=1, with lower absolute values of  implying slower transition. 
 
Alternatively, a logistic STAR (LSTAR) model may be considered, which is 




− − − − = L d t L L q G µ γ . The transition function of the LSTAR is a 
monotonically increasing function of  d t q −  and yields asymmetric adjustment to-
wards equilibrium.
5  In the present context, however, the properties of the expo-
nential transition function are more attractive because they allow a smooth transi-
tion between regimes and symmetric adjustment of the real exchange rate for de-
viations above and below the equilibrium level, consistent with the predictions of 
the theoretical literature on real exchange rate determination under transaction 
costs.  For this reason, we have a prior in favour of the ESTAR model, although, 
as discussed below, we select the most appropriate transition function to model 
the real exchange rate on the basis of a testing procedure designed to discriminate 
between the LSTAR and ESTAR models merely on a statistical ground. 
 
Before estimating a nonlinear real exchange rate model, we need to test the null 
hypothesis that the real exchange rate is governed by a linear process against the 
alternative hypothesis of a nonlinearly mean-reverting STAR model.  This linear-
                                                 
5 Asymmetric behaviour of the real exchange rate would imply that the speed of adjust-
ment differs according to whether the real exchange rate is overvalued or undervalued, 
which does not seem plausible, particularly if one considers goods arbitrage as ultimately 
driving the impetus towards long-run equilibrium.   10
ity testing procedure is complicated, however, by the presence of unidentified 
nuisance parameters under the null hypothesis of linearity.
6  This problem can be 
overcome by using a low-order Taylor series expansion around the equilibrium, 
resulting in an auxiliary regression of the form: 
 




2 1 0 00 κ κ κ κ κ ,        (3) 
 
where  () ′ = ip i i κ κ κ K , , 0 1 for i=0,1,2,3 (Saikkonen and Luukkonen, 1988; 
Luukkonen, Saikkonen and Teräsvirta, 1988). Teräsvirta (1994) derives LM-type 
tests of linearity against ESTAR and LSTAR models and also suggests a decision 
rule for choosing between ESTAR and LSTAR specifications.  After specifying 
the autoregressive order  p  of  t q  on the basis of the partial autocorrelation func-
tion (PACF) the linearity test against a STAR  model consists of testing the null 
hypothesis that 
          0 : 3 2 1 0 = = = κ κ κ L H              (4) 
 
against the alternative that  L H0  is not valid. In practice the ordinary F-test is rec-
ommended as an approximation to the LM-type test to obtain better size proper-
ties in small samples (Teräsvirta, 1994, 1998).  In the present study this test statis-
tic is termed FL.  Usually, the null hypothesis is tested for a set of plausible values 
of the delay parameter d and the value of d is chosen such that the marginal sig-
                                                 
6 Under  , 0 : 0 = γ H  the STAR model collapses to a linear AR(p) model and the parame-
ter vector  2 φ  and the location parameter µ  can take any value without affecting the like-
lihood.  Alternatively, the null hypothesis could be formulated as  , 0 : 2 0 = φ H  under 
which the STAR model reduces to the same linear AR(p) model as under  0 : 0 = γ H ;  in 
the case of  , 0 : 2 0 = φ H  the transition parameter  γ  and the location parameter µ  can 
take any value. 
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nificance level (p-value) of FL is minimized.  If linearity is rejected in favour of 
STAR-type nonlinearity, the next step involves discriminating between ESTAR 
and LSTAR formulations using a decision rule suggested by Teräsvirta (1994). 
The rule is based on the following sequence of nested tests within (3): 
 
 ; 0 : 3 03 = κ H                 (5) 
          ; 0 0 : 3 2 02 = = κ κ H               (6) 
         0 0 : 2 3 1 01 = = = κ κ κ H .            (7) 
 
The corresponding test statistics, denoted as F3, F2 and F1 respectively, can be 
carried out using F-tests.  The rule is as follows: after linearity is rejected using 
FL, the three hypotheses (5) - (7) are tested.  If F2 yields the smallest p-value, an 
ESTAR model is chosen; otherwise an LSTAR specification is selected.
7 
 
At the estimation stage, the STAR model implied by the results in the identifica-
tion stage is estimated consistently by nonlinear least squares (NLS) using a con-
ventional optimisation routine.  Granger and Teräsvirta (1993) and Teräsvirta 
(1994, 1998) suggest standardizing the exponent of the transition function by di-
viding it by the sample variance of the transition variable.  Setting the transition 
parameter γ  equal to unity is suggested as a reasonable starting value for the it-
erative NLS estimation. 
 
Finally, once the model has been estimated, its properties can be evaluated and its 
adequacy assessed, which also involves a thorough examination of the residuals 
using a battery of misspecification tests, including tests for residual serial correla-
                                                 
7 Teräsvirta (1994) provides Monte Carlo evidence that this decision rule works well in 
selecting d as well as in discriminating between ESTAR and LSTAR formulations, unless 
the two models are close substitutes.   12




4   Data and Empirical Analysis 
 
The data set comprises monthly observations on consumer prices for Bangladesh, 
the US, the Euro area, Japan and India, and nominal bilateral exchange rates for 
the Bangladesh taka, the euro, Japanese yen and Indian rupee vis-à-vis the US 
dollar.  All time series except data on the Euro area cover the sample period from 
January 1994 to December 2002, and were taken from the International Monetary 
Fund's International Financial Statistics data base.  Euro area data were drawn 
from the European Central Bank's monthly bulletin and span the sample period 
January 1997 to December 2002.  Since the euro only took office in January 1999, 
we use the Ecu for the pre 1999 period.  Monthly real exchange rate series for 
taka-dollar (TK/USD), taka-euro (TK/EUR), taka-yen (TK/JPY) and taka-rupee 
(TK/INR) were constructed from the above data according to the identity 
 
   t t t t p p s q − + =
m               (8) 
 
and using the triangular arbitrage condition, where  t s  denotes the logarithm of the 
nominal exchange rate (domestic price of foreign currency) observed at time t, 
t p and 
m
t p are the logarithms of the domestic and foreign price levels respectively. 
 
As a preliminary exercise we carry out tests for nonstationarity of the (log) real 
exchange rate series and their differences, based on Dickey-Fuller statistics.  The 
                                                 
8 Standard tests for residual autocorrelation, such as the standard Ljung-Box test, are not 
applicable in this context, as the asymptotic null distribution is unknown when the re-
siduals come from a nonlinear model. 
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test statistics reported in Table 1 suggest that for all real log-level exchange rates 
the null hypothesis of a unit root cannot be rejected at conventional significance 
levels, while the possibility of multiple unit roots is excluded as all differenced 
real exchange rate series are found to be I(0).  Thus on the basis of simple unit 
root tests one is tempted to conclude that PPP for Bangladesh and its major trad-
ing partners is violated.  However, as the discussion in the previous section has 
shown, the presence of transaction costs may imply a nonlinear process for the 
real exchange rate, such that the framework surrounding conventional unit root 




Figure 1 displays a plot of the series for the deviations from the long-run equilib-
rium for each of the four real exchange rate series.  Notably, for all four series we 
can observe remarkable short-run deviations from the mean.  The examined series 
display strong persistence for smaller deviations from equilibrium, while becom-
ing increasingly mean-reverting for larger deviations from equilibrium. 
 
In order to execute the linearity test FL we first chose the autoregressive order p 
on the basis of the PACF for each of the monthly real exchange rate series con-
sidered.  For all real exchange rates the PACF indicated p=1.  The linearity test, 
based on the auxiliary regression (3), was then performed for a set of values of the 
delay parameter {} 12 , , 2 , 1 K ∈ d .  As displayed in Table 2, for all real exchange 
rate series, the linearity test generally suggested rejections of the linearity hy-
pothesis.  In the case of the real TK/EUR and real TK/USD linearity is rejected 
                                                 
9 Moreover, various studies have highlighted the low power of unit root tests in testing 
for mean reversion in the real exchange rate (see, for example, Lothian and Taylor, 1997; 
Sarno, Taylor and Chowdhury, 2004). 
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most strongly when d=1 and d=2, respectively, suggesting a rather fast response 
to shocks for these real exchange rates.  Conversely, for the real TK/JPY and real 
TK/INR the linear null hypothesis was rejected with d=4 for the former and d=5 
for the latter, indicating a somewhat slower adjustment to shocks.  Having estab-
lished STAR-type nonlinearity we next have to discriminate between an ESTAR 
or LSTAR model.  Application of the Teräsvirta decision rule using the tests F3, 
F2 and F1, reported in Table 3, further suggested an ESTAR model for all real ex-
change rates. 
 
The estimation results, displayed in Table 4, indicate that the estimated ESTAR 
models have similar features.  In particular, the speed of adjustment coefficients 
appear very similar, ranging between 0.98 and 1.07 and being strongly statisti-
cally significant in each case.  The analysis of the stability properties of the esti-
mated ESTAR models suggests that deviations from PPP are generally persistent 
or even explosive in the "lower" regime when the transition function G(·)=0 and 
the ESTAR model reduces to a simple autoregressive process with the autoregres-
sive coefficient greater than unity.  Deviations from PPP are stationary in the "up-
per" regime when G(·)=1 and the ESTAR model has a root inside the unit circle, 
implying global stationarity of the real exchange rate. 
 
For each real exchange rate model the estimated transition function is plotted 
against the estimated transition variable,  µ − −d t q , in Figure 2.  Note that the lim-
iting case of G(·)=1 is never achieved.  Moreover, the slope of the transition func-
tion indicates that the speed of transition across regimes is quite weak, providing a 
clear indication that slow, albeit significant, reversion towards long-run equilib-
rium characterizes most realized values of the real taka exchange rates over the   15
investigated sample period.  In general, a movement in the real exchange rate 
away from the equilibrium level µ as large as 10 percent would raise the transition 
function to about 0.10. 
 
Goodness-of-fit statistics are also very satisfactory, with the coefficient of deter-
mination ranging between 0.85 and 0.89.  The ratio of the residual variance of the 
estimated nonlinear model to the residual variance of the best fitting linear model 
(V) suggests, for all estimated ESTAR models, some reduction in the residual 
variance relative to the best fitting linear model.  Note that since for the real 
TK/INR real exchange rate the test statistics for F2 and F1 were reasonably close, 
indicating either an LSTAR or an ESTAR, we also fit a LSTAR model, the esti-




5   Conclusion 
 
A number of studies have failed to provide evidence in support of long-run PPP.  
This may be due to a number of reasons, including the low power of conventional 
unit root tests and the assumption of linearity in real exchange rate dynamics.  
However, a recent literature has shown that the real exchange rate may be a 
nonlinearly mean-reverting process, such that adjustment towards the real ex-
change rate or PPP equilibrium level occurs at a speed that is a function of the 
size of the deviation from equilibrium itself. 
 
                                                 
10 In particular, the estimated transition parameter was not found to be statistically sig-
nificant, while the estimated residual variance of the LSTAR model exceeded the esti-
mated residual variance of the best fitted linear autoregressive model (results are not re-
ported but available upon request).   16
The empirical analysis carried out in the present study provides strong evidence 
that the real bilateral Bangladesh taka exchange rates between Bangladesh and its 
major trading partners are well characterized by processes which adjust nonline-
arly towards their long-run equilibrium over the investigated sample period, and 
hence indicates the validity of long-run PPP consistent with the emerging theo-
retical literature on nonlinear real exchange rate adjustment in the presence of in-
ternational arbitrage costs.  The estimated models imply an equilibrium level of 
the real exchange rate in the neighbourhood of which the behaviour of the log-
level of the real exchange rate is close to a random walk, while adjusting faster 
with the absolute size of the deviation from equilibrium.   17
References 
    Abuaf, N. and Jorion, P. 1990. Purchasing Power Parity in the Long Run. Journal of Fi-
nance 45: 157-174. 
 
    Bahmani-Oskooee, M. and Mirzai, A. 2000. Real and Nominal Effective Exchange Rates 
for Developing Countries: 1973:1-1997:3. Applied Economics 32(4): 411-428. 
 
    Basher, S.A. and Mohsin, M. 2004. PPP Tests in Cointegrated Panels: Evidence from 
Asian Developing Countries. Applied Economics Letters 11(3): 163-166. 
 
    Benninga, S. and Protopapadakis, A.A. 1988. The Equilibrium Pricing of Exchange Rates 
and Assets When Trade Takes Time. Journal of International Economics 7: 129-149. 
 
    Breuer, J.B., McNown, R. and Wallace, M.S. 2001. Misleading Inferences from Panel 
Unit-Root Tests with an Illustration from Purchasing Power Parity. Review of International 
Economic, 9: 482-493. 
 
    Calvo, G.A., Reinhart, C.M. and Végh, C.A. 1995. Targeting the Real Exchange Rate: 
Theory and Evidence. Journal of Development Economics 47: 97-133. 
 
    Cheung, Y.W. and Lai, K.S. 1993a. Long-Run Purchasing Power Parity During the Recent 
Float. Journal of International Economics 34: 181-192. 
 
    Cheung, Y.W. and Lai, K.S. 1993b. A Fractional Cointegration Analysis of Purchasing 
Power Parity. Journal of Business Economics and Statistics 11: 103-112. 
 
    Cheung, Y.W. and Lai, K.S. 1994. Mean Reversion in Real Exchange Rates. Economics 
Letters 46: 251-256. 
 
    Cheung, Y.W. and Lai, K.S. 1998. Parity Reversion in Real Exchange Rates During the 
Post-Bretton Woods Period. Journal of International Money and Finance 17: 597-614. 
 
    Diebold, F.X., Husted, S. and Rush, M. 1991. Real Exchange Rates under the Gold Stan-
dard. Journal of Political Economy 99: 1252-1271. 
 
    Doganlar, M. and Ozman, M. 2000. Purchasing Power Parity and Real Exchange Rates in 
Case of Developing Countries. ISE Review 4(16): 91-102. 
 
    Dumas, B. 1992. Dynamic Equilibrium and the Real Exchange Rate in a Spatially Sepa-
rated World. Review of Financial Studies 5: 153-180. 
 
    Dumas, B. 1994. Partial Equilibrium Versus General Equilibrium Models of the Interna-
tional Capital Market. In The Handbook of International Macroeconomics, ed. F. Van Der 
Ploeg, Oxford: Blackwell 
 
    Edison, H.J., Gagnon, J.E. and Melick, W.R. 1997. Understanding the Empirical Literature 
on Purchasing Power Parity: The Post-Bretton Woods Era. Journal of International Money 
and Finance 16: 1-17. 
   18
    Eitrheim, Ø. and Teräsvirta, T. 1996. Testing the Adequacy of Smooth Transition Autore-
gressive Models. Journal of Econometrics 74: 59-76. 
 
    Froot, K.A. and Rogoff, K. 1995. Perspectives on PPP and Long-run Real Exchange Rates. 
in Handbook of International Economics, ed. K. Rogoff and G.M. Grossman, Amsterdam: 
North Holland. 
 
    Gan, W. 1994. Characterizing Real Exchange Rate Behaviour of Selected East Asian 
Economies. Journal of Economic Development 19(2): 67-92. 
 
    Goldberg, L.G., Gosnell, T.F. and Okunev, J. 1997. Purchasing Power Parity: Modelling 
and Testing Mean Reversion. Journal of Banking and Finance 21: 949-966. 
 
    Granger, C.W.J. and Teräsvirta, T. 1993. Modelling Nonlinear Economic Relationships. 
Oxford: Oxford University Press. 
 
    Kim, Y. 1990. Purchasing Power Parity in the Long Run: A Cointegration Approach. Jour-
nal of Money, Credit and Banking 22: 348-357. 
 
    Lothian, J.R. and Taylor, M.P. 1996. Real Exchange Rate Behaviour: The Recent Float 
from the Perspective of the Past Two Centuries. Journal of Political Economy 104: 488-510. 
 
    Lothian, J.R. and Taylor, M.P. 1997. Real Exchange Rate Behaviour: The Problem of 
Power and Sample Size. Journal of International Money and Finance 16: 945-954. 
 
    Luintel, K.B. 2000. Real Exchange Rate Behaviour: Evidence from Black Markets. Journal 
of Applied Econometrics 15(2): 161-185. 
 
    Luukonen, R., Saikkonen, P. and Teräsvirta, T. 1988. Testing Linearity Against Smooth 
Transition Autoregressive Models. Biometrika 75: 491-499. 
 
    Mark, N.C. 1990. Real and Nominal Exchange Rates in the Long-Run: An Empirical Inves-
tigation. Journal of International Economics 28: 115-136. 
 
    Michael, P., Nobay, R.A. and Peel, D.A. 1997. Transaction Costs and Nonlinear Adjust-
ment in Real Exchange Rates: An Empirical Investigation. Journal of Political Economy 105: 
862-879. 
 
    Obstfeld, M. and Rogoff, K. 2000. The Six Major Puzzles in International Macroeconom-
ics: Is there a Common Cause? in NBER Macroeconomics Annual, ed. B. Bernanke and K. 
Rogoff, Cambridge, Mass.: NBER and MIT Press. 
 
    Obstfeld, M. and Taylor, A.M. 1997. Nonlinear Aspects of Goods-Market Arbitrage and 
Adjustment: Heckscher's Commodity Points Revisited. Journal of the Japanese and Interna-
tional Economies 11: 441-479. 
 
    O'Connell, P.G.J. 1998. The Overvaluation of Purchasing Power Parity. Journal of Interna-
tional Economics 44: 1-19. 
 
    Rogoff, K. 1996. The Purchasing Power Parity Puzzle. Journal of Economic Literature 34: 
647-668.   19
    Saikkonen, P. and Luukonen, R. 1988. Lagrange Multiplier Tests for Testing Non-
Linearities in Time Series Models. Scandinavian Journal of Statistics 15: 55-68. 
 
    Sarno, L. 2000. Real Exchange Rate Behaviour in the Middle East: A Re-examination. 
Economics Letters 66(2): 127-36. 
 
    Sarno, L. 2003. Nonlinear Exchange Rate Models: A Selective Overview. International 
Monetary Fund Working Paper, No. WP/03/111, Invited Essay, Rivista di Politica Economi-
ca, July-August: 1-46. 
 
    Sarno, L. and Taylor, M.P. 2001. Real Exchange Rate Dynamics in Transition Economies: 
A Nonlinear Analysis. Studies in Nonlinear Dynamics and Econometrics 5(3): 153-177. 
 
    Sarno, L. and Taylor, M.P. 2002. Purchasing Power Parity and the Real Exchange Rate. 
International Monetary Fund Staff Papers 49: 65-105. 
 
    Sarno, L., Taylor, M.P. and Chowdhury, I. 2004. Nonlinear Dynamics in Deviations from 
the Law of One Price: A Broad-Based Empirical Study. Centre for Economic Policy Research 
Discussion Paper No. 3377, Journal of International Money and Finance 23: 1-25. 
 
    Sercu, P., Uppal, R. and Van Hulle, C. 1995. The Exchange Rate in the Presence of Trans-
action Costs: Implications for Tests of Purchasing Power Parity. Journal of Finance 50: 1309-
1319. 
 
    Taylor, M.P. 1995. Exchange Rate Economics. Journal of Economic Literature 33: 13-47. 
 
    Taylor, M.P. and Sarno, L. 1998. The behaviour of Real Exchange Rates During the Post-
Bretton Woods Period. Journal of International Economics 46: 281-312. 
 
    Taylor, M.P., Peel, D.A. and Sarno, L. 2001. Nonlinear Mean-Reversion in Real Exchange 
Rates: Towards A Solution to the Purchasing Power Parity Puzzles. International Economic 
Review 42: 1015-1042. 
 
    Teräsvirta, T. 1994. Specification, Estimation, and Evaluation of Smooth Transition Auto-
regressive Models. Journal of the American Statistical Association 89: 208-218. 
 
    Teräsvirta, T. 1998. Modelling Economic Relationships with Smooth Transition Regres-
sions. in Handbook of Applied Economic Statistics, ed. A. Ullah and D.E.A. Giles, New York: 
Marcel Dekker: 507-552. 
 
    World Trade Organization 2000. Trade Policy Reviews: Bangladesh. Geneva: WTO. 
 
    Wu, Y. 1996. Are Real Exchange Rates Non-Stationary? Evidence from a Panel-Data Test. 
Journal of Money, Credit and Banking 28: 54-63. 
 
    Yunus, M 2000. The Validity of Long-Run Purchasing Power Parity in the South Asian 
Countries. Bangladesh Development Studies 26(1): 99-124.   20
 
Table 1: Dickey-Fuller (DF) Test Statistics 
 
  () t q   ( ) t q
τ   ( ) t q ∆   () t q
2 ∆  
TK/USD 0.2569  -2.4026  -8.1151  -9.0471 
TK/EUR  -1.3525 -0.7416 -8.3299 -8.7104 
TK/JPY  -1.8060 -1.9864 -10.1045  -12.2231 
TK/INR  -1.8339 -3.0033 -9.7491 -7.8072 
           
Notes:  q denotes the log-level of the real exchange rate as defined in the text; the 
superscript τ indicates that a linear time trend is also included in the DF regression, 
and ∆ denotes the first-difference operator. The 5% critical value for the DF test sta-




Table 2: Linearity Tests 
 
  TK/USD TK/EUR TK/JPY  TK/INR 
d = 1  0.0325 0.0427 0.3932 0.4702 
d = 2  0.0230 0.0988 0.1139 0.3711 
d = 3  0.0576 0.8458 0.0164 0.3495 
d = 4  0.0667 0.9943 0.0055 0.2751 
d = 5  0.0874 0.6721 0.1717 0.0251 
d = 6  0.0851 0.7404 0.8036 0.0710 
d = 7  0.0755 0.7811 0.8778 0.6988 
d = 8  0.1788 0.5424 0.9202 0.3348 
d = 9  0.1472 0.3921 0.9872 0.1502 
d = 10  0.0502 0.0664 0.7371 0.5176 
d = 11  0.0591 0.6989 0.7851 0.6089 
d = 12  0.0947 0.1395 0.5076 0.7076 
 
Notes:  FL is the Lagrange-multiplier test statistic for linearity constructed as de-
scribed in the text assuming that the order of the autoregression is p=1; d denotes the 





Table 3: Tests F3, F2 and F1 
 
  TK/USD TK/EUR TK/JPY  TK/INR 
d   2 1 4 5 
F3  0.8909 0.3783 0.1675 0.7883 
F2  0.0054 0.0076 0.0068 0.0179 
F1  0.1783 0.6119 0.0641 0.0543 
 
Notes:  The test statistics F3, F2 and F1 are test statistics for discriminating 
between ESTAR and LSTAR formulations, constructed as described in the 
text; figures reported are marginal significance levels (p-values), calculated 
using the appropriate F-distribution; d denotes the delay parameter.   21
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R²=0.85; V=0.92; AR(1)=0.43; AR(3)=0.48; AR(6)=0.64; ARCH(1)=0.36; 
ARCH(3)=0.85; ARCH(6)=0.69; ET=0.40 
 
 
  Notes:  A hat denotes the fitted value.  Figures in parentheses below coefficient estimates 
denote t-ratios.  R² denotes the coefficient of determination; V is the ratio of the residual vari-
ance from the estimated ESTAR model to the best fitting linear model for qt; AR(j) is a La-
grange multiplier test statistic for up to jth-order serial correlation in the residuals and ET is a 
test statistic for no remaining nonlinearity as constructed in Eitrheim and Teräsvirta (1996); 
ARCH(j) is a Lagrange multiplier test statistic for up to jth-order autoregressive conditional 
heteroskedasticity in the residuals.  For ARCH(j), AR(j) and ET we only report p-values.   22
Figure 1: Real Exchange Rates (in de-mean) 
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Figure 2: Estimated Transition Functions 
 
Real TK/USD: ESTAR with d=2










Real TK/JPY: ESTAR with d=4






Real TK/EUR: ESTAR with d=1
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